What causes the gradual decrease of fetal hemoglobin in the normal maturing infant, or the persistence of fetal hemoglobin in the blood of adults with certain congenital anemias, especially thalassemia, is not known. The production of fetal hemoglobin is evidently determined by genes nonallelic with those regulating adult hemoglobin formation (1) . The fact that all red cells can be sickled in sickle cell anemia patients having relatively high proportions of fetal hemoglobin indicates that the same cell can produce both an adult hemoglobin (i.e., S) and fetal hemoglobin. This in turn implies that the rate of formation of fetal hemoglobin is not dependent upon the formation of a different cell by a different gene, but reflects a metabolic adaptation by the individual young red cells of the fetus or of the abnormal adult to the cellular environment (2) .
The present investigation concerns the effect of cellular environment on the relative quantities of fetal and adult hemoglobin synthesized in vitro by the reticulocytes of umbilical cord blood, as determined by the rates of Fe59 incorporation into heme and of C14-leucine incorporation into globin.
MATERIALS AND METHODS
Fe5' was obtained from Abbott Laboratories, and ironbinding protein of high degree of purity was a gift from Dr. John K. Inman (3) . To aqueous solutions of the protein, buffered with 20 mM sodium bicarbonate so as to yield a final pH of 7.4 + 0.2, sufficient iron either as Fe59Cl, or Fe'Cl,, was added dropwise to one-third saturate the iron-binding protein. To insure complete protein-binding of the added iron, the mixture was allowed to stand at room temperature for 1 Incubation. From 30 to 50 ml of sterile heparinized umbilical cord blood was obtained at the time of delivery. It was centrifuged at 2,000 G for 30 minutes at 00 C and the top 5 ml of red cells, relatively rich in reticulocytes, was withdrawn and washed twice with Krebs-Ringer phosphate with glucose solution, pH 7.4, at O°C. In the studies of glucose deficiency, glucose was omitted. An approximately 50 per cent suspension of the washed red cells was made with the same solution and a hematocrit value and reticulocyte count obtained. Two ml aliquots of this red cell suspension were then pipetted into 25 ml siliconized Erlenmeyer flasks. To this was added 1 ml of the amino acid mixtures in Krebs-Ringer phosphate with glucose solution so that their final concentration was twice that of normal fasting levels, as determined by Stein and Moore (5), with the exception of glycine which was made up to 4 times its normal value. In certain experiments valine, isoleucine and histidine were omitted. In other experiments, in which C`4-leucine was used as a tracer, the radioactive amino acid was substituted for the stable form.
The red cell suspension was preincubated in a Dubnoff metabolic incubator at 370 C with shaking at approximately 20 times per minute. In experiments on the effects of hypoxia this was In four experiments, after addition of known amounts of nonradioactive hemoglobin as carrier, the heme was also separated from the globin and crystallized to constant specific activity after the method of Shemin (7) . In all instances the value of the activity per milligram of hematin chloride corresponded to that of hemoglobin, assuming heme to constitute 3.9 per cent of hemoglobin. Thus the activity is reported in terms of hemoglobin for ease in comparison with C14-leucine labeling of globin.
In experiments in which C'4-leucine was used, the hemoglobin, after elution from the column, was dialyzed against 0.001 M NaCN, the concentration of the hemoglobin was determined, and 0.1 ml samples were pipetted on stainless steel planchets. These samples were then counted with a windowless flow counter, and corrected to a sample size of 0.5 mg using an empirical self-absorption curve. Experiments on large samples demonstrated that all the radioactivity of C4-leucine-labeled hemoglobin, after it had been chromatographically purified, was in the globin fraction and was precipitable by 5 per cenit trichloroacetic acid.
RESULTS
Effect of hypoxia. Table I shows the results of six experiments done to investigate the effects of hypoxia on the relative amounts of adult hemoglobin and of fetal hemoglobin synthesized. Since the ratio of fetal/adult hemoglobin is variable from one cord blood sample to another, only comparison with the control ratio is informative. In the last column is given the percentage change in the ratio produced by hypoxia. In every case there Gordy and Drabkin (9) . The treatment of the samples and the crystallization of the heme to constant specific activity were then carried out as usual. It can be seen from Figure  2 that mild hypoxia tended to increase the hemoglobin specific activity. This increase in specific activity may not reflect increased hemoglobin synthesis since, for example, hypoxia may cause a shrinkage of the intracellular pool of nonlabeled iron during preincubation, with a consequent lesser dilution of the radioactive label. The consistently greater relative stimulation of fetal hemoglobin synthesis under conditions of severe hypoxia is evident again.
An attempt was made to determine the time course of the effects of hypoxia on fetal and adult hemoglobin synthesis. The changes in specific activity of the adult and fetal hemoglobins recovered are depicted in the top portion of the figure; the ratio of fetal hemoglobin specific activity to adult hemoglobin specific activity is showin in the bottom portion.
in Figure 3 . A significant change in the ratio of hemoglobin synthesized did not occur until the last two hours of the four hour incubation. This was due apparently to a relatively greater decrease in the rate of fetal hemoglobin production in the 95 per cent 02 environment.
Effect of mtetabolic inhibition. The effect of glucose deficiency, cyanide and miiethylene blue may be seen in Table II . Glucose deficiency, like oxygen lack, depressed adult hemoglobin synthesis relatively more than fetal hemoglobin synthesis. The addition of 120 mg per 100 ml desoxyglucose to the glucose-deficient medium had no additional effect. Both cyanide and methylene blue almost completely stopped synthesis of both hemoglobins, so that the ratios are of little quantitative significance, but are included to demonstrate that inhibition of these types did not favor fetal hemoglobin synthesis.
Effect of amtino acid deficiencies. The effect of various amino acid deficiencies may be seen in Table III . Fetal and adult human hemoglobin differ in valine, isoleucine, and histidine content.
Fetal hemoglobin has less valine than adult hemoglobin has (9.5 vs 11.2 g per 100 g), the missing valine being replaced almost mole for mole by isoleucine (1.46 g per 100 ml), which the main component of adult hemoglobin lacks entirely (4, 10) . Fetal hemoglobin also has less histidine (7.7 vs 8.4 g histidine per 100 g) (10) . Thus, the effects of deficiencies of these three amiiino acids were studied. From Table III we see that isoleucine, and histidine deficiencies in the incubation meditum had no effect on Fe uptake. Valine deficiency in two experiments seemed to increase relative fetal hemoglobin synthesis and although the results here are not significant, they suggest further study. ) and under nitrogen (---). Diminution in hemoglobin synthesis was greatest in respect to the rate of F hemoglobin synthesis under oxygen. In the lower diagram the ratio of fetal to adult hemoglobin synthesized is compared for the first two-hour period with the ratio for the second two-hour period. (14) . Furthermore, whereas fetal red somewhat from one cell to another (11) . Thus cells may lose their heightened oxygen affinity it is possible that the adult and fetal synthesizing within a month after birth (12) , fetal hemoglobin 
